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Marine  and  Baumann  in  1921 demonstrated  a  significant  and 
sustained increase in heat production in the majority of rabbits  fol- 
lowing suprarenalectomy or freezing the suprarenals (1).  The impor- 
tance of this type of reaction in general physiology and special pathol- 
ogy makes it desirable to ascertain whether this relationship between 
the suprarenal gland and basal metabolism is peculiar to some feature 
of organization in this species.  The literature contains no satisfac- 
tory evidence on this point.  Golyakowski, working with dogs and 
utilizing an undescribed method of ligation, studied the respiratory 
exchange (2).  He reported an increase in CO~ and heat production 
in eight of  twelve dogs.  However, the importance to be  attached 
to this observation is greatly diminished by the fact that the oxygen 
intake was not altered.  On the other hand, Aub reported a decrease 
in heat production in three cats following suprarenalectomy but he 
did not investigate the effect of sublethal crippling of the suprarenals 
(3).  No other references bearing in any way on this subject could 
be found. 
The  rabbit  has  relatively  great  normal  temperature  variations 
and  it  usually has  accessory suprarenal masses, differing from  the 
higher mammals in both points.  The cat is a typical member of the 
latter  group.  The  temperature  is  fairly  constant  and  accessory 
* Presented in abstract  before the American Society for Experimental Path- 
ology, New Haven, December 29,  1921. 
This work was presented in partial fv|fillment of the requirements for A.M. 
degree,  Columbia  University. 
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suprarenals are rare.  Therefore, total removal is followed by death 
usually within 2 to 5 days (4).  Also in its diet and its fat metabolism 
the  cat  differs  from  the  rabbit  and  resembles  the  organization  of 
man.  This point takes on special interest in view of the recent dem- 
onstration  by  Marine  and  Baumann  that  the  thyroid function is 
essential for  the increase in  heat  production during suprarenal  in- 
sufficiency  (5),  taken  in  conjunction with  the  connection between 
the  thyroid and  the metabolism of fat pointed out by McCarrison 
(6).  Therefore, in this report we wish to record the changes in heat 
production observed in cats following varying degrees of suprarenal 
injury produced by partial extirpation, vessel ligation, freezing, and 
various combinations of these procedures. 
Methods. 
Cats  were  kept  in  the  laboratory  under  uniform  conditions  of 
r6gime  and  diet  for  at  least  3  weeks before  determination of  the 
respiratory exchange and they were run in the respiration chambers 
several  times for training during this period.  The gaseous metabo- 
lism  was  measured  with  the  Haldane  apparatus as  modified by 
2Vlarine and Lenhart  (7).  The room temperatures were kept rela- 
tively  constant.  The  maximum variation  (with  the  exception  of 
October 5) was  19-24°C.  with  the mean of 21°C.  Determinations 
were always made at least 15 hours after the last feeding; and a suffi- 
cient number of them over a period of at least 2 weeks was obtained 
to determine the normal range for the individual cat under the given 
conditions as  regards  season,  food,  state  of nutrition,  etc.  About 
10 per cent of the cats were rejected for this work because the control 
rates were too irregular.  Those used were very quiet after becoming 
accustomed to  the procedure,  and  frequently slept  throughout the 
entire period in the metabolism chambers which was always 2 hours. 
Any periods in which the animal was restless were discarded. 
Three methods were used in our attempts to cripple the suprarenal 
function:  1 (a)  partial excision;  (b)  ligation of blood vessels; and  (c) 
freezing. 
Partial Excision.--This was the method first attempted as it would 
appear  a  priori  to  be  the most exact  means of producing varying 
1  All operations were performed under ether anesthesia. w. j.  ~t.  SCOTT  201 
degrees of  suprarenal insufficiency.  However, exactly the opposite 
was found to be the case.  The leeway between the production of 
any effect and of a fatal insufficiency is extremely slight and uncon- 
trollable.  The removal of less than three-fourths of the suprarenal 
tissue produces no evidence of abnormality in heat production, while 
the result of removing more than this bears no necessary relationship 
to  the  anatomical amount remaining.  Quite  uncontrollable condi- 
tions, chiefly the blood supply of the remaining fragment, determine 
the  outcome.  By  this  method we were not  able  to  produce  any 
clinical change except the typical rapidly fatal  symptom-complex of 
suprarenal suppression.  This procedure was therefore abandoned. 
Ligation  of  Blood Vessels.--For  many  years  the  fact  has been 
known that  occlusion of  the lumbosuprarenal veins would produce 
marked  histological  changes  in  the  suprarenal  gland,  particularly 
in  the  cortex  (8).  Hartman  and  Blatz,  in  1919, reported  clinical 
symptoms  following ligation  of  the  lumbosuprarenal  veins  which 
were  suggestive  of  a  functional  suprarenal  insufficiency  as  their 
basis  (9). 
Ligations of the suprarenal blood vessels  were carried out in the 
following  combinations:  (a)  right  and  left  lumbosuprarenal veins; 
(b) left lumbosuprar~nal vein with excision of the right suprarenal; 
(c)  right  and left lumbosuprarenal vein with mass  ligation of  the 
collateral renal-suprarenal vessels; and (d) left lumbosuprarenal vein 
with mass ligation of  the  collateral left suprarenal vessels  and ex- 
cision of the right suprarenal. 
In ligating the lumbosuprarenal vein the peritoneum over it was 
slit just proximally and distally to the suprarenal gland and a  silk 
ligature  carried  around  the  vein  on  an  aneurysm  needle without 
manipulating the gland or interfering with  any of  its nerve supply 
except those filaments that run in the sheath of the suprarenal vein. 
After ligation of the vein, congestion and swelling of the gland were 
observed to different degrees, the variation of which was extreme and 
unpredictable.  Ligation by the same method in a  series  of animals 
gave entirely different results, depending on the collateral circulation 
which developed. 
Freezing.--This  method was developed by Marine: and Baumann 
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pointed out  the difficulties encountered in freezing the Hght gland 
and the relative ease on the left side.  In the main the saine situation 
prevails in cats except that the right suprarenal is somewhat more 
accessible,  being usually less closely adherent to the vena cava.  In 
some cases both glands were frozen, though more frequently the left 
was  frozen  and  the  right  excised.  Mobilizing  the  left  suprarenal 
gland  sufficiently  to  freeze  it  is  very  satisfactorily  accomplished. 
The fatty areolar tissue is dissected back with the probe point for a 
distance of several millimeters so that the gland can easily be elevated 
with  most  of  the  nerves  and  minute  blood  vessels  attached.  A 
spray of ethyl chloride reaches all parts of the surface of the cortex. 
The duration of the freezing varies from 15 to 45 seconds, depending 
upon the degree of injury desired.  There was difficulty encountered 
in  obtaining  ethyl  chloride  tubes  having  a  spray  sufficiently fine. 
Bengu6  tubes were the best  available in this  country at  the  time, 
and only about  one in four of  these was satisfactory.  During the 
freezing the gland is blanched, but on thawing the circulation is seen 
to resume at once.  To freeze the right suprarenal the lumbar ap- 
proach is obligatory and the peritoneum is not opened, while for the 
left one either the lumbar or midline incision is satisfactory, and the 
suprarenal is  reached transperitoneally.  In either case  the  proper 
exposure  of the  suprarenal gland,  effected by a  fairly deep self-re- 
taining retractor after the field is walled off and other structures are 
protected by .~ponges, is an important factor in controlling the de- 
gree of injury. 
C~trols.--Two  types  of  control  experiments  were  performed: 
(a) freezing tissue around the mobilized suprarenals, and (b) excision 
of one suprarenal gland, 
(a) Two normal animals were subjected to operation in which both 
suprarenals were prepared as for freezing; the tissues about them were 
frozen but the glands themselves were not.  This procedure included 
all the elements of shock, general trauma,, and nerve and vascular 
injury that obtained when the glands were frozen, except for the actual 
injury to  the  cells  of  the  suprarenal  cortex. 
(b)  Five animals had one suprarenal excised,  nothing being done 
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In experiments in which thyroid function may be intimately con- 
cerned,  the  use  of  iodine  for  skin  sterilization is contraindicated. 
Chemical sterilization  of the  skin  by  an  alcoholic picric  acid  solu- 
tion was the method used in these experiments. 
Presentation  of  Data. 
35 experiments were conducted on 24 cats in which the respiratory 
exchange was followed before and after operation, as follows: freezing, 
10; ligation,  17; partial removal, 6; operative ~rauma, 2.  The types 
of reaction to subtotal  suprarenal insufficiency as observed in these 
cats may be roughly classified in three groups (Table I): 
TABLE  L 
Suprarenal glands. 
Frozen. 
L,igated.. 
Partial removal and trauma (controls) ..... 
Total.. 
Group I. 
No rise m heat 
production. 
NO.  Per 
cent, 
1  I0 
7  41 
7  88 
15  43 
Group If. 
Rise in heat 
production. 
Per  No.  No.  cent. 
6  60  3 
6  35  4 
0  0  1 
12  34  8 
Group III. 
Fall in heat 
product/on. 
Per 
cent. 
30 
24 
12 
23 
Group  I.  Those  that  live  indefinitely  and  show  no  increase  in 
basal metabolism. 
Group II. Those that show a significant increase in basal metabo- 
lism  (over 10 per cent). 
Group III.  Those that show a decrease in metabolism to a rapidly 
fatal termination. 
There are variations in the reaction not specified in the above groups 
which will be referred to in the Discussion.  No experiment has been 
considered to fall in Group II unless there was an increase of at least 
10  per  cent  above  the  highest  preoperative  figure.  The  following 
six protocols have been selected as illustrative of the types of reaction 
observed. 
Group I; Protocol  1.wCat 10; adult, female (Table II).  Aug.  29, 1921,  Began 
metabolic  determinations.  Oct.  17.  Under  ether  distally  and  proximally 204  GLANDS WITH  INTERNAL SECRETIOI~.  IV 
ligated  right  and  left  lumbosuprarenal  veins.  Oct.  18.  Active,  eating  well. 
Oct.  22.  Normal  in  appearance,  Oct.  24.  Wound healed, "stitches removed. 
Feb. 1, 1922.  In stock; apparently in normal health. 
Group II; Protocol 2.--Cat  7; adult, female (Table III).  Sept. 2, 1921.  Began 
metabolic  determinations.  Sept.  29.  Under  ether  removed  right  suprarenal 
and  froze  the  left.  Oct.  1.  Good  appetite,  alert,  pupils  dilated.  Oct.  4. 
Marked  diarrhea;  eating very heartily  (double  ration).  Oct.  6.  Eating  150 
gin. of milk and 150 gin. of meat each day and still seems hungry.  Head feels 
TABLE  II. 
Cat 10. 
Date. 
1921 
Aug. 29 
Sept.  2 
"  14 
"  16 
"  30 
Oct.  6 
"  10 
"  13 
Oct.  18 
"  20 
"  22 
"  24 
"  26 
"  28 
"  31 
Nov.  3 
"  11 
"  16 
Remarks. 
Control. 
cc 
cc 
4~ 
"  (slightly restless). 
cc 
Oct.  17.  Ligation of right and 
left suprarenal  veins. 
warm.  Oct. 27.  Fur has become very glossy and smooth.  Dec. 30.  Sacrificed 
in good health. 
Protocol 3.--Cat 18; three-quarters grown, female (Table IV).  Sept. 26,  1921. 
Began metabolic determinations.  Oct. 20.  Under ether proximally and distally 
ligated  right  and  left  suprarenal  veins.  Oct.  22.  Feels  warm,  eating  well, 
active.  Oct.  25.  Not  eating,  very  quiet.  Oct.  26.  Very  weak,  coughing 
occasionally.  Oct.  27.  Appetite  returning.  Nov.  18.  Losing  weight  and 
strength, eating almost nothing, KI 25 mg. by mouth.  Nov. 19.  Very weak and w.  j.  ~.  SCOTT  205 
listless, scarcely holding up head; given emulsion of alcoholic extract residue from 
ox suprarenal cortex.  Nov. 20.  Very active and alert this morning, remarkable 
appetite, eating 100 gm. of meat without intermission; KI by mouth.  Nov. 22. 
KI by mouth.  Nov. 24.  KI by mouth, gaining  in weight, appearance improving. 
Nov. 25.  KI 10 mg.  Nov. 30.  KI by mouth.  Dec. 30.  Sacrificed. 
Group  111;  Protocol4.--Cat  19;  adult,  female  (Table V).  Sept.  26,  1921. 
Began metabolic determinations.  Oct. 7.  KI 25 mg: by mouth.  Oct. 29.  Under 
TABLE  IIL 
Cat 7. 
Total  No. of 
Date.  Weight.  O~  CO2  R.Q.  No. of  calories  Remarks.  per kilo 
calories,  per hr. 
1921  gin.  gin.  gin. 
Sept.  2  3,119  4.2413 4.520  77  14.24 
"  14  2,872  4.625  4.870  76  15.50 
"  16  2,879  4.085  4.495  80  13.73 
Sept. 30  2,891  3.910  4.250  79  13.12 
2.28  Control. 
2.70  "  (restless). 
2.38  " 
2.28  Sept.  29.  Right suprarenalec 
tomy; left suprarenal  frozen 
Oct.  2  2,784  4.410  4.480  74  14.57  2.62 
"  4  2,880  5.740  5.950  75  19.14 3.32 
"  6  3,028  5.710  5.950  76  18.94 3.13 
"  8  3,290  5.770  6.160  78  19.2(  2.92 
"  10  3,242  4.920  5.080  75  16.32 2.52 
"  12  3,267  4.980  5.110  75  16.44 2.52 
"  15  3,405  5.010  5.200  75  16.72 2.46 
"  18  3,478  5.300  5.710  78  17.8C 2.56 
"  20  3,675  5.760  6.250  79  19.25 2.62 
"  22  3,560  5.230  5.500  76  17.51 2.46 
"  24  3,506  4.900  5.010  74  16.25 2.32 
"  28  3,620  4.850  5.160  77  16.24 2.24 
Nov.  1  3,542  4.790  4.920  75  15.83 2.23 
"  8  3,202  3.670  3.930  78  12.25 1.91 
"  15  3,174  4.880  5.130  76  16.33  2.57 
"  21  3,444  4.560  4.670  74  15.18  2.20 
i 
ether doubly ligated right and left suprarenal veins.  Oct. 31.  Very quiet and 
dopey in appearance.  Nov.  2.  Very weak,  scarcely able to stand, feels  cold, 
pupils dilated.  Died during the night. 
Autopsy.--Thyroid lobes very small, translucent, amber-yellow.  Heart dilated, 
gray specks in pericardium; left suprarenal medulla is hemorrhagic, cortex necrotic. 
Three small, congested veins from posterior surface extending into perirenal fat 
and one into the renal vein.  Right suprarenal is swollen but is not hemorrhagic, 206  GLANDS  WITH  INTEKNAL  SECRETION.  IV 
TABLE  IV. 
Cat  18. 
Date. 
1~1 
Sept. 26 
Oct.  5 
"  10 
"  13 
Oct. 21 
"  23 
"  25 
"  27 
"  31 
Nov.  2 
"  4 
"  7 
"  9 
"  11 
"  14 
"  16 
"  18 
"  21 
"  22 
"  23 
"  25 
"  26 
"  28 
"  30 
Dec.  2 
"  5 
"  7 
"  9 
"  12 
"  14 
"  16 
"  20 
•  No.  of 
Total  calories 
[Weight.  O1  CO2  R.Q.  No. of  Remarks. 
calories,  per kilo 
per hr. 
gm.  gm.  gm. 
2,245  3.205  3.400  77  10.71  2.39  Control. 
2,203  3.81(]  4.160  79  12.84  2.91  "  (temperature  16°C; 
shivering). 
2,047  2.585  2.770  78  8.63  2.11  Control. 
1,951  3.115  3.365  79  10.43:2.67 
1,945  4.22C  4.430  76  14.10  3.63  Oct. 20.  Ligatedrightandlet 
supmrenal veins. 
1,937  3.770  4.090  79  12.6~  3.26 
1,910  4.160  4.400  77  13.84  3.63 
1,937  3.43(]  3.710  78  11.54  2.99 
1,984  3.22(]  3.540  80  10.81  2.72 
2,014  3.48(]  3.800  79  11.73  2.91 
2,001  3.730  3.980  78  12.41  3.10 
2,053  3.5~  3.870  80  11.82  2.88 
2,147  4.200  4.640  80  14.18  3.30 
2,132  3.78(]  4.120  79  12.71  2.98 
2,156  3.480  3.920  82  11.74  2.72 
2,024  2.760  2.920  77  9.2(]  2.27 
1,894  2.190  2.390  80  7.29  1.92 
1,935  2.71(]  2.920  78  9.1(]  2.35 
1,988  3.340  3.820  83  11.33  2.85 
2,061  3.560  4.090  84  12.08  2.93 
2,110  3.190  3.550  81  10.74  2.54 
2,096  2.790  3.260  85  9.49  2.26 
2,228  3.670  4.250  i 84  12.40  2.80 
2,246  3.490  3.940  82  11.8(]  2.63 
2,182  3.210  3.66(  83  10.8~  2.49 
2,077  2.530  2.760  79  8.52  2.05 
2,052  2.540  2.710  78  8.45  2.06 
2,022  2.450  2.670  79  8.24  2.04 
2,048  3.120  2.990  70  10.19  2.49 
2,090  2.73(]  3.120  83  9.24  2.21 
2,130  3.01(]  3.320  80  10.14  2.38 
2,214  3.24G  3.770  85  10.98!  2.48 
medulla  appears  intact  grossly  and  microscopically,  cortex  yellowish  white  in 
color,  microscopically  necrotic.  Abundant  subcutaneous  and  abdominal  fat. 
Other organs  normal. w.  j. u.  SCOTT  207 
Protocol 5.bCat 8; adult, female (Table VI).  Aug. 29,  1921.  Began meta- 
bolic studies.  Sept. 29.  Under ether removed righ  t  suprarenal and froze left. 
Sept. 30.  Ate well.  Oct. 1.  Quiet and drowsy.  Oct. 4.  Very quiet, appears 
TABLE  V. 
Cat 19. 
Date. 
197,1 
Sept. 26 
Oct.  3 
"  6 
"  11 
"  14 
"  19 
"  21 
"  25 
Oct.  31 
Nov.  2 
Weight.  02 
gm,  gm. 
2,089  3.24~ 
2,158  2.8O( 
2,125  2.83¢ 
2,148  2.56C 
2,264  2.73~ 
2,289  3.24C 
2,303  3.45C 
2, 152  2.60C 
2,040  2.41C 
1,938  1.15C 
CO~ 
gm. 
3.515 
3.200 
3.260 
2.800 
3.270 
3.550 
3.710 
2.760 
2.380 
1.350 
Total 
R.Q. No. of 
'calories. 
I 
79  10.85 
83i  9.49 
84  9.58 
80  8.55 
87  9.35 
80i  10.85 
78  11.58 
77  8.69 
i 
72  i  7.91 
85  i  3.93 
I 
No. of 
calories 
per kilo 
per hr. 
2.59 
2.20 
2.25 
1.99 
2.07 
2.37 
2.51 
2.02 
1.94 
1.01 
Remarks. 
Control. 
Oct.  29.  Ligated  right  an 
left suprarenal veins. 
Nov. 3.  Died. 
TABLE  VI. 
Cat 8. 
Date. 
1921 
Aug. 29 
Sept.  2 
"  14 
"  16 
Sept. 30 
Oct.  2 
"  3 
"  6 
"  8 
Weight. 
2,412 
2,394 
2,599 
2,581 
2,719 
2,649 
2,594 
2,502 
2,440 
O~ 
gm. 
4.135 
4.21~3 
4.18C 
4.44C 
3.550 
COj 
4.320 
4.285 
4.540 
4.700 
3.980 
4.400  4.510 
4,450  4.720 
3.080  3.240 
2.050  2.310 
Total 
R.Q. No. of 
calories. 
76  13.75 
74  13.93 
79  14.01 
77  14.80 
82  11.92 
75  14.51 
77  14.87 
77  10.21 
82  6.92 
No. of 
calories 
per kilo 
per hr. 
2.85 
2.91 
2.70 
2.87 
2.19 
2.74 
2.87 
2.04 
1.42 
Remarks. 
Control. 
Sept.  29.  Right suprarenalec- 
tomy; left suptarenal frozen 
dopey, alopecia, refuses meat, took 130 cc. of milk.  Oct. 6. 
the milk; eating very little now.  Oct. 7.  Extremdy weak. 
20 cc. by pipette.  Oct. 8, p.m.  Died. 
Lactose added to 
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Aulopsy.--Abdominal  and subcutaneous fat  well preserved.  Heart,  normal 
color;  heart's  blood not  coagulated.  Right  suprarenal absent; left  embedded 
in omental adhesions, shows marked areas  of  necrosis in the  cortex,  medulla 
normal histologically.  Stomach empty.  Numerous erosions and hemorrhagic 
areas in mucous membrane. 
Control.  Protocol 6.--Cat 25; adult, male (Table VII).  Oct. 28, 1921.  Began 
metabolic observations.  Nov. 5.  KI 25 rag. by mouth.  Nov. 8.  Under ether 
mobilized both  suprarenals and froze  the  tissue around them  including blood 
vessels and nerves.  Nov. 9.  Normal appearance, eating well.  Nov. 13.  Nor- 
mal behavior, marked dermatitis over shaved areas.  Nov.  22.  Wounds com- 
pletely healed.  Cat appears normal in every way. 
TABLE  VII. 
Cat 25. 
Date. 
1921 
Oct.  28 
"  31 
Nov.  3 
cc  8 
Nov.  9 
"  11 
"  13 
"  15 
"  17 
"  19 
"  21 
"  23 
"  26 
"  30 
Dec.  13 
Weight. 
! 
]  gin. 
2,589 
2,683 
2,880 
2,955 
2,785 
2,618 
2,612 
2,57(3 
2,522 
2,562 
2,574 
2,571 
2,619 
2,888 
2,834 
02 
g~. 
3.790 
4. 710 
3.990 
5.280 
4.540 
3.780 
4.470 
3.600 
3.400 
3.500 
3.780 
3.530 
3.800 
4.870 
3.900 
CO~ 
gm. 
3.780 
4.750 
4.630 
5.850 
4.64{: 
3.960 
4.870] 
4.0001 
3.79(3 
3.71(3 
4.10C 
3.92( 
4.26(] 
5.030 
4.60(3 
Total 
R.Q.  No. of 
calories. 
73  12.4~ 
73  15.62 
84  13.61i 
81  17.7( 
74  15.09 
76  12.6C 
79  15.03 
81  12.10 
81  11.46 
77  11.69 
79  12.65 
81  11.86 
82  12.82 
75  16.18 
86  13.28 
No. of 
calories 
per kilo 
per hr. 
2.40 
2.91 
2.36 
2.99 
2.71 
2.41 
2.88 
2.35 
2.27 
2.28 
2.46 
2.31 
2.45 
2.80 
2.34 
Remarks. 
Control. 
cg 
c( 
Nov. 8.  Control freezing oper 
ation. 
Marked dermatitis. 
Group  L--In this group the animals survive indefinitely and there 
is no increase in heat production of over 10 per cent.  Eight,  or 30 
per cent of the twenty-seven experiments following freezing or liga- 
tion,  presented  this  type  of  response  to  operation.  These  usually 
showed  no  noteworthy symptoms.  Within  24  hours  they had  re- 
gained a  normal  appetite  and behavior.  In  two cases  there was  a 
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to the death of the animal and with a subsequent return to the normal 
rate.  Examination  of  the  condition  of  the  suprarenals  either  at 
autopsy  or  at  a  subsequent  operation  showed large  areas  of unin- 
jured  cortex,  on  both  gross  and  microscopic  examination.  The 
medulla  appeared  quite  normal.  It  is  worthy  of  note  that  only 
one cat out of a  total of ten, in which the suprarenals were frozen, 
fell in this group, and in this one the dissection of the gland for freez- 
ing was unsatisfactory on account of an excessive number of collateral 
blood vessels--a result of a  previous ligation; while following vessel 
ligation,  seven  of  seventeen  showed  no  significant  change  in  heat 
production.  In the latter there was a  well developed collateral cir- 
culation to the renal vein, the perirenal vein, and the diaphragm. 
Protocol  1 illustrates this type of reaction.  Eight determinations 
of  the basal  metabolism  had been made over a  period of 45  days, 
with a  maximum variation of -b  14 per cent and  -  11 per cent from 
the  average  of  2.18  calories  per  kilo  per  hour.  Both  suprarenal 
veins were ligated proximally and distally to  the  suprarenal gland. 
Following this the gaseous metabolism was determined eleven times 
in  30  days--every other day for  the  first  2  weeks after operation. 
At no time was  there a  significant departure from the preoperative 
range, the maximum increase being 3 per cent above the highest nor- 
mal figure. 
Group //.--This  group includes those cats whose heat production 
following suprarenal injury is  increased at  least  10  per cent above 
the highest preoperative figure.  Twelve, or 44 per cent of the twenty- 
seven freezing or ligation experiments, showed this type of reaction. 
The increase varied from  18  to 44 per cent above the Preoperative 
average and from 10  to 30 per cent above the highest preoperative 
figure.  With one exception the rise in basal metabolism lasted from 
9  to  38  days before  again  reaching  the  preoperative  level.  The 
increase in heat production was  absolute  as well as relative and  in 
every case  the  cats  survived  the  effect of  suprarenal  insufficiency 
indefinitely. 
Coincident with the increased basal metabolism there were clini- 
cal  manifestations  of  improved  nutrition.  Similar  manifestations 
have been reported by Marine and Baumann in rabbits.  The sur- 
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mediately after operation, became very sleek; and the appetite was 
often greatly increased.  In spite of a food intake of double the nor- 
mal amount the weight frequently was maintained at a level below its 
preoperative normal, though in some cases the cat gained tremendously 
in weight.  Diarrhea was frequently observed, usually occurring at 
the height of the increase in heat production.  Respiration was in- 
creased in rate and depth and at times there was a marked change in 
attitude and behavior, alertness and restlessness being observed. 
Protocols 2 and 3  show typical examples of this  type of reaction 
after freezing and ligation respectively.  Cat 7 had the right supra- 
renal removed and the left frozen.  The heat production was in creased 
36  per cent,  reaching  its  maximum on  the  5th  day  after  opera- 
tion  and  being  maintained  above the preoperative  average for  20 
days.  The  appetite  was greatly increased  and  the  cat  gained 900 
grn.  in weight during this period of increased heat production, even 
gaining in  weight when its  basal  metabolism was  ~  30  per  cent. 
The total heat production also was increased by 30 per cent even be- 
fore this gain in weight occurred.  Diarrhea was noted on  the 3th 
day  after  operation.  The  wounds  healed  promptly  and  the  fur 
became very smooth. 
Following this phase of increased heat production a  slight depres- 
sion averaging I0 per cent below the normal usually occurs, lasting 
from I  to 4 weeks.  That  this may be partly due to an exhaustion 
of the  thyroid gland is  suggested by  two  facts.  Potassium iodide 
given in two cases during this period of depression was followed by 
a prompt return to the normal level.  And in several instances the 
thyroid  gland  was found 30  days  after  saturation  with potassium 
iodide  to  be  markedly  hyperplastic  in  cats  which  had  shown  an 
increased basal metabolism after suprarenal crippling.  At the time 
of  being  sacrificed  the  heat  production  had  become  subnormal. 
In  control  animals  no  such  rapid  exhaustion  d  the  thyroid was 
observed. 
Cat 18 showed an increase  in heat production reaching the maximum 
of 44 per cent on the Ist and 5th days after ligation of both suprarenal 
veins.  2  days  after  operation  it  had  regained its  appetite  and 
activity; however, by the 5th day after the operation it  had become 
very  inactive,  was  weak,  and  had  lost  its  appetite.  Its  general W.  J.  M.  SCOTT  211 
condition gradually improved; the basal  metabolism remained ele- 
vated for 25  days, on the 20th day after the operation being  +  40 
per cent.  At this time the animal lost its appetite and became very 
asthenic, rapidly losing weight; the heat production fell to 20 per cent 
below  the  preoperative  figure.  KI  was  given  on  November  18; 
on November 19 it ate less than 10 gm. of meat and did not hold its 
head up.  Emulsion of suprarenal cortex extract was given by pipette. 
On November 20  the animal was very active, running and jumping, 
and when given food ate 100 gm. of meat without pause.  The basal 
metabolism rose continuously for 3  days to a  point above the pre- 
operative range, it then became subnormal for a  week, after which 
it resumed the original level.  At autopsy  the right  suprarenal  was 
found markedly atrophied; from the left there had  developed a  col- 
lateral  circulation to  the renal vein and  the perirenal  tissue.  Col- 
lold  had  disappeared  almost  completely from  the  thyroid  vesicles 
and  the  epithelium was  hypertrophic in  spite  of  the fact  that  the 
cat had received potassium iodide 30 days previously in several doses. 
Group III.--In  this  group  the  metabolism  decreases  slowly  or 
rapidly till death.  Seven, or 26 per cent of the twenty-seven animals, 
reacted in this way after freezing or ligation.  The decrease in metabo- 
lism is  on  the  average  about 25 per cent.  In the fulminating cases 
the  picture is  exactly  like  that  after  excision  of  both  suprarenals 
(10),  and the animal dies  in 2 to 5 days.  Two of  this group lived 
9  and  13  days respectively. 
Histological examination of the suprarenal glands showed in each 
case  marked  injury  to  the  suprarenal  cortex.  After  freezing,  the 
medulla had quite a  normal appearance except for some congestion; 
its  cells  maintained  their  chromophilic properties.  After  ligation 
there was often very extensive hemorrhage into the medulla, though 
in  some cases it remained entirely uninvolved.  But  the cortex al- 
ways  showed extensive necrosis in  the  animals  of  this  group after 
either freezing or ligation.  In some instances the entire cortex ap- 
peared to be necrotic, in others some areas of cortical cells  staining 
fairly normally were found. 
One  cat in which fully seven-eighths of the suprarenal substance 
was  excised  reacted  in  this  manner,  showing marked reduction in 
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renal cells could be found, and the vein leading from  this  remnant 
was  completely thrombosed. 
Protocols 4  and  5  are illustrative  of  this  type of reaction.  Cat 
19  showed a  decrease of  54  per  cent  4  days after  ligation  of both 
suprarenal  veins,  and  was  unable  to  walk.  It  died  the  following 
night.  Autopsy  revealed  hemorrhage into the'  medulla  of  the left 
suprarenai  and  marked  necrosis  in  the  cortex.  Three  small  con- 
gested veins extended to the perirenal fat and one to the renal vein. 
The right suprarenal showed no hemorrhage into the medulla, which 
seemed normal, while the cortex showed large areas of necrosis.  Cat 
8  lived 9  days  after  excision  of  the  right  suprarenal  and  freezing 
of the left.  The day after operation the heat production was 22 per 
cent below normal, it  then rose on  the 3rd  and 4th days after the 
operation  to  the upper  part  of its  normal range,  thereafter falling 
sharply to 50 per cent below normal on the 9th day, and death oc- 
curred  that  night.  There was  increasing weakness  so  that  on  the 
8th  day the cat could not stand and anorexia was marked, though 
for the first 5 days it ate over 100 gin. of milk and some meat each 
day.  Autopsy  showed  well  preserved  fat  stores,  right  suprarenal 
absent, left suprarenal cortex with large areas of necrosis, and medulla 
with normal staining properties. 
The animals suffering from a fatal suprarenal insufficiency, though 
living over a  week, give definite evidence of cardiac weakness.  The 
heart rate may  become irregular, the mucous membranes are some- 
what cyanotic, and the animal goes  into collapse on slight  exertion, 
which speaks strongly for a marked diminution in its cardiac reserve. 
At  autopsy  the  heart is  somewhat  dilated  and  the  musculature, 
especially of the right ventricle, is flabby. 
Controls.--In  the  two  cats  in  which both  glands  were mobilized 
and  the  tissues  about  the glands  were frozen,  the heat production 
after operation showed no increase.  Also the five animals in which 
one suprarenal was removed showed no increase of 10 per cent above 
the preoperative level.  That these animals could, however, show the 
typical rise in basal metabolism was demonstrated in three of these 
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DISCUSSION. 
The difference in reaction to suprarenal insufficiency in cats and 
rabbits,  as  reported in  the literature, seems now to be  cleared up. 
The  previous  failure  to  observe  the  characteristic increase in heat 
production in cats was due to the masking of this by the more pro- 
found effect of entire suppression of  suprarenal function.  In the six 
cases  in  which  death  resulted  within a  week from  the  suprarenal 
insufficiency, the  heat production was invariably found to  be  con- 
tinuously diminished, while in  the two in which the suprarenal in- 
jury caused death, though the animal lived over a  week, heat pro- 
duction in one case on the 4th day reached its highest ,preoperative 
level, and in the other case on the 5th day exceeded it, being followed 
in each case by a fall to death.  Marine and Baumann observed in a 
small percentage of rabbits, also, this decrease in heat production to 
a  rapidly fatal  termination,  and  in  them no accessory suprarenals 
could be found.  It seems established then that when the suprarenal 
insufficiency approaches closely the suppression of  suprarenal func- 
tion heat production falls  and death rapidly ensues.  This is appar- 
ently due to the fact that the suprarenal glands, either by addition 
or  subtraction,  influence the reactive medium of the body in  some 
manner essential  to  the  continuance  of  vital  metabolic processes. 
Suprarenal injury less severe than the above causes in the majority 
of cats a profound effect upon the calorific mechanism, characterized 
by  a  significant increase in  heat production.  Of  the  twenty cats 
indefinitely surviving the suprarenal injury, twelve, or 60 per cent, 
showed this rise in basal metabolism, while of the control seven ex- 
periments involving all the elements of traumatization and manipu- 
lation of the  suprarenals without serious  damage to  the glands, in 
none did the basal metabolism vary from its normal range by 10 per 
cent.  In every case  evidence of an increase in heat production was 
present in  the  1st week, though- the maximum  frequently was not 
reached until later--24 days after operation in  one instance.  The 
rise lasted  on  the  average  18  days  before again  reaching the  pre- 
operative base-line. 
The secondary waves in the heat production curve mentioned by 
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rabbits,  were  very well  marked  in  several instances.  Cat 18 illus- 
trates this phenomenon, one peak being in the 1st week after opera- 
tion and another in the 3rd week. 
After a period of suprarenal insufficiency associated  with a signifi- 
cant rise in heat production there is usually a  fall to  10 per cent or 
more below the base-line.  That  this is not altogether the effect of 
long training is  shown by the fact that if it is followed sufficiently 
long the normal rate is  resumed.  This  phenomenon resembles the 
period of hypothermia which is frequently seen in the convalescence 
from any prolonged fever.  That thyroid exhaustion may be partly 
responsible for it is suggested by the effects of KI and by the rapid 
production of hyperplasia of the thyroid in these animals. 
Of  the  three  methods  for  producing  suprarenal  insufficiency in 
cats, partial excision was entirely unsatisfactory.  Vein ligation gave 
good results in some cases but the collateral  circulation was a  domi- 
nant factor in the result which could not be predicted or controlled. 
In our hands freezing offered the most satisfactory means of  control- 
ling suprarenal injury. 
In  addition  to  the  effect  on  heat  production  there  are  clinical 
symptoms, some of which can be readily correlated with it.  Increased 
appetite, which may or may not be associated with a  gain in weight, 
sleekness of fur, and rapidity of wound healing are nutritional mani- 
festations  which  can  be  readily  explained  on  the  basis  of  thyroid 
function.  There  are  other  phenomena,  however,  which  suggest 
vastly  wider  interrelationships  between  the  suprarenal  gland  and 
the  body  tissues.  In  fatal  suprarenal  insufficiency  gastric  ulcer 
was frequently observed in this series in confirmation of the observa- 
tions of other workers  (11).  Also symptoms of disturbed  gastroin- 
testinal function, most often manifest as diarrhea, were usually evi- 
dent during the period of suprarenal insufficiency,  most frequently 
observed at  the time of maximal increase in  basal  metabolism.  In 
one case diarrhea with numerous small blood clots was noted.  Fur- 
thermore,  the profound  asthenia  of the  animals  developing in  the 
cases of fatal suprarenal insufficiency bespeaks a  fundamental func- 
tion  of the suprarenal in  relation to  some part  of the nerve-muscle 
motor  mechanism.  That  this  is  not  due  merely  to  restriction  of 
food intake was  shown by the  two  cats  which survived  a  fatal in- w..l.M.  SCOTT  215 
sufficiency for over a  week.  In both cases operative recovery  was 
prompt but a  secondary profound weakness manifested itself about 
the 4th day which was well in advance of the stage of marked reduc- 
tion in food intake.  Cat 8, for example, was so weak, a  week after 
operation that it could not walk on a fiat surface, yet rough measure- 
ment showed the food intake up to this time to be 75 per cent of the 
caloric requirement of the animal.  Rapid depletion of the glycogen 
stores have been demonstrated by previous observers (12).  And other 
metabolic disturbances  apart  from the mobilization and  use of fat 
were suggested by the rapidity of emaciation and the extreme degree 
to  which it may be  carried  without exhaustion of  the  fat  depots. 
Cat 12, for example, lost one-fifth of the body weight in 13 days, yet 
had  abundant  subcutaneous  and  mesenteric fat  at  autopsy.  Ex- 
tensive studies of the protein and especially of the water metabolism 
would be necessary to clear up this phenomenon. 
A great mass of literature has sprung up about clinical suprarenal 
insufficiency, all of it vague, indefinite, and, up to the present, with- 
out any scientific support in fact (4),  as there has been no method of 
differentiating  the  degrees  of  sublethal  suprarenal  insufficiency. 
Comparative measurements of heat production in the presence of an 
iodized  thyroid  may  possibly  offer  a  means  of  following  to  some 
degree the various phases of insufficiency of the suprarenal  cortex. 
This work with cats,  as well as that of Marine  and Baumann with 
rabbits,  shows that  the partial suprarenal cortex insufficiencies pro- 
duced  experimentally  are  transitory  and  that  compensation takes 
place rapidly or the animal dies.  Therefore, one would not expect 
to demonstrate a  suprarenal insufficiency in animals that  have sur- 
vived the injury for months. 
Further  evidence of  the importance of  the  cortex  as  opposed to 
the  medulla  in  influencing  essential  tissue  functions  is  indirectly 
afforded by these  experiments.  In all cases in  which death ensued 
from  the  suprarenal  insufficiency,  whether  induced by  freezing or 
ligafion, marked damage to the cortex was evident, while the medulla 
usually retained its normal appearance grossly and microscopically. 
Even  though  secretion  of  epinephrine  is  possibly  suppressed  by 
freezing, vessel ligation leaves the nerve supply which controls this 
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a definite collateral circulation between the  suprarenal medulla and 
the perirenal tissue having been reported by Cow in 1914 (13) after 
ligation of the suprarenal vein proximally and distally to the gland. 
The collateral venous circulation of the suprarenal becomes markedly 
increased if the animal survives.  These enlarged veins can readily be 
traced  to  the perirenal tissue,  not infrequently to  the  diaphragm, 
and  usually one or  two directly to  the renal vein.  If it  could be 
shown that under these conditions epinephrine was still discharged, 
it would necessarily follow  that this  agent played no essential part 
in the increased heat production. 
It is impossible to study the syndrome of suprarenal insufficiency 
in cats without being impressed by the points of similarity between 
it  and  some  of  the  outstanding  features  of  Graves'  disease.  The 
most prominent single phenomenon in each is a  significant increase 
in heat production.  Each has a  phase of asthenia and exhaustion, 
with evidence of severe cardiac damage.  Diarrhea and nutritional 
and weight changes are common to each.  Hyperplasia of the thy- 
roid is produced in each and is characteristic of neither.  Marine and 
Baumann have shown that  the thyroid is indispensable for the in- 
creased heat production following suprarenal injury in rabbits  but 
not for the asthenia and fatal termination.  And, finally, that rather 
unusual form of Graves' disease running a  rapidly fatal course in a 
very few weeks with severe asthenia, prostration, and coma bears a 
striking resemblance  to  the  effect  of  fatal  suprarenal  insufficiency 
when death is postponed for several days. 
CONCLUSIONS. 
1.  Severe and sufficient non-fatal injury to  the suprarenal cortex 
by freezing or by ligation in cats causes a  significant and prolonged 
increase in heat production. 
2.  Lethal injury to the suprarenals by freezing, ligation, or partial 
excision in cats  causes  a  fall in heat production. 
3.  Insufficient injury to  the  suprarenals by freezing, ligation,  or 
partial  excision  in  cats  produces  no  significant  alteration  in  heat 
production. 
4.  Further  evidence of  a  dose thyroid-suprarenal  cortex interre- 
lationship is indicated by the rapidity of thyroid hyperplasia and by 
the effects  of KI after suprarenal crippling. w.  j.  ~.  SCOTT  217 
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